The toxicity of netilmicin was compared with that of amikacin in a randomized, prospective trial in 90 adults with a variety of serious gram-negative infections. There was no instance of antibiotic-related nephrotoxicity in the group given amikacin and only one instance in the group given netilmicin. Cochlear toxicity, as measured by a change in audiogram, occurred in 4/14 (28.5%) of the amikacin recipients and 3/19 (15.8%) of the netilmicin recipients. Vestibular toxicity, as determined by a change in ice-water calorics, was noted in 3/16 (19%) of the amikacin-treated patients and 0/15 of the netilmicin-treated individuals. Despite the trend toward lesser ototoxicity with netilmicin, the differences between the drugs were not statistically significant. There was, however, a significant association between male sex and the development of ototoxicity. Although many patients could not be evaluated for efficacy, there did not appear to be any difference in the therapeutic activity of the two drugs.
Netilmicin, a semisynthetic analog of sisomicin, is similar to other aminoglycosides in its antibacterial spectrum (16, 21) . Preliminary studies indicate that the drug is effective in treating gram-negative infections in humans (5, 21) . However, netilmicin is severalfold less nephrotoxic than gentamicin, tobramycin, or amikacin in rats (1, 14) , less cochleotoxic than gentamicin in guinea pigs (4) , and less vestibulotoxic than gentamicin in cats (16) . Therefore, we wished to compare the toxicity of netilmicin with that of an established aminoglycoside in a prospective, randomized fashion. We chose amikacin for this comparison because it possesses useful activity against strains resistant to other aminoglycosides (19) , while its toxicity is essentially identical to that of gentamicin (10, 12, 20) .
MATERIALS AND METHODS Adult patients in the medical or surgical services of Tufts-New England Medical Center Hospital were eligible for the study if they were believed to have a serious infection for which an aminoglycoside antibiotic was indicated. Reasons for exclusion included pregnancy, allergy to aminoglycosides, or recent antimicrobial therapy likely to be effective against the infection. Many patients were enrolled before the presence of bacterial infection had been proven or the infecting organism had been characterized.
After informed consent had been obtained, a card was drawn from a set of sequentially numbered envelopes by which the patient was assigned to receive t Present address: 1045 Atlantic Ave., Suite 902, Long Beach, CA 90813. netilnicin or amikacin. The dosage of netilmicin was 2.5 mg/kg every 8 h intravenously over 30 to 60 min, or intramuscularly; this was usually reduced within 2 days to 2 mg/kg every 8 h. Amikacin was given in a dosage of 5 mg/kg every 8 h. These regimens were modified according to the state of renal function and serum concentrations of antibiotic. An effort was made to produce peak serum levels of 6 to 9 ug/ml for netilmicin and 15 to 25 ,ug/ml for amikacin.
The duration of therapy was determined by the attending physicians in conjunction with the consultant in infectious diseases. The following were considered valid reasons for discontinuing the antibiotic before completion of therapy: (i) failure to respond satisfactorily within 2 to 3 days; (ii) evidence that the pathogen was resistant to the aminoglycoside or could be adequately treated with a less toxic antibiotic, usually a penicillin or cephalosporin; (iii) the occurrence of suprainfection caused by a resistant organism; and (iv) evidence of aminoglycoside toxicity.or allergy.
Evaluation of efficacy. Clinical responses were characterized as follows: complete resolution; improvement of signs and symptoms; failure; and indeterminate. (Table 3) . Nonetheless, the results in these 73 individuals were satisfactory, except for one who died shortly after admission to the hospital in septic shock.
Among 17 patients (18 infections) in whom the efficacy of the aminoglycoside could be assessed, the results were satisfactory in all but five. There was failure to control the original infection in three individuals, two of whom were treated with amikacin and one with netilmicin; suprainfection was also present in one of these. In the fourth patient, suprainfection with a resistant Escherichia coli occurred during netilmicin therapy. In the fifth, an initially susceptible Pseudomonas aeruginosa became resistant during treatment with netilmicin.
Nephrotoxicity. Sixty-nine patients could be evaluated for this adverse effect. Among 32 given amikacin, 4 experienced significant (>0.5 mg/dl) on July 2, 2017 by guest http://aac.asm.org/ Downloaded from increases in serum creatinine concentration during treatment. In two, the peak concentration did not exceed 1.3 mg/dl. In the third, it increased from 1.5 to 2.1 mg/dl, but spontaneously declined to 1.4 mg/dl by day 5 of therapy. The fourth patient experienced a moderate increase in serum creatinine concentration; however, at autopsy, this was attributed to intrarenal hemorrhage due to severe thrombocytopenia. Thus, no patient was believed to have amikacin-related nephrotoxicity. Among 37 subjects receiving netilmicin, three experienced increases in serum creatinine concentration. In one patient who was begun on therapy while recovering from acute tubular necrosis, the serum creatinine level fluctuated between 1 and 2 mg/dl. Another person was diagnosed as having hepatorenal syndrome. Neither was considered to have antibiotic-related nephrotoxicity. A third patient, who was treated with netilmicin for 39 days, experienced a rise in serum creatinine concentration from 1.0 to 2.1 mg/dl. He was given carbenicillin concurrently and exhibited signs of allergy to this drug. Nonetheless, his renal dysfunction was considered probably related to the netilnicin. He was the only subject in this study believed to have aminoglycoside-related nephrotoxicity.
Auditory toxicity. Fifteen patients receiving amikacin and 19 receiving netilmicin could be adequately assessed for auditory toxicity. Five of the 15 amikacin recipients (33.33%) experienced decreases of at least 15 dB on at least one occasion; however, in patient 47, the abnormalities were only at low frequencies and were considered likely to be due to room noise. If that patient is excluded entirely, the rate of auditory toxicity with amikacin becomes 4/14 (28.5%). Table 5 ). The chi-square test of heterogeneity showed that the rates of auditory and vestibular toxicity for each drug could be combined. When this was done, the overall rates of eighth-nerve toxicity for amikacin and netilmicin were still not significantly different (Table 5) , although there was a suggestive trend.
Factors potentially contributing to eighth-nerve toxicity. Having failed to demonstrate a significant effect of the particular aminoglycoside upon the rate of eighth-nerve toxicity, we proceeded to examine other factors that might contribute. Although patient 73, and possibly patients 77 and 89, had relatively high peak or trough serum levels of amikacin, the other individuals described in Tables 1 to 3 determined whether there was preceding cochlear damage (patient 47). In most instances, the abnormal initial audiograms showed sensorineural loss which was presumed to be due to presbyacusis. Patient 72 was believed to have a noise-related deficit. There was also no association of auditory toxicity with the presence of major vascular disease (data not shown). Two of three patients with netilmicin-related auditory toxicity and one of four with amikacin-related damage had renal impairmept. A test of heterogeneity showed that groups could not be combined and the netilmicin patients were too few to permit statistical analysis. Five of the 7 (71%) patients with auditory toxicity received carbenicillin or ticarcillin concomitantly, while only 8 of 26 (31%) nontoxic patients received these agents. However, the difference was not statistically significant (Table 5 ).
The only characteristic that showed a significant association with the development of eighthnerve damage in this study was sex. All seven patients with cochlear toxicity and all three with vestibular damage were men. Although the frequency of maleness was not significantly different for auditory toxicity (7/7 toxic patients versus 16/26 nontoxic patients were male; X2c = 2.21; P > 0.10) or vestibular toxicity (3/3 toxic patients versus 6/13 nontoxic patients were male; X2c = 0.57; P > 0.25), the test of heterogeneity showed the two forms of toxicity could be combined. When this was done, there was a significant contribution of male gender (Table   5 ).
Other adverse reactions. Five patients developed allergic manifestations (rash, eosinophilia, and recrudescence of fever) in conjunction with the administration of the aminoglycosde; four were receiving amikacin; and one was receiving netilmicin. However, in only one instance was it considered likely that the aminoglycoside antibiotic (amikacin) was responsible for the reaction.
Three patients exhibited mild increases in liver enzymes during the course of therapy. The relation to aminoglycoside therapy was considered doubtful in each instance.
DISCUSSION
The aminoglycoside antibiotics most commonly used in the United States today are gentamicin, tobramycin, and amikacin. These do not appear to differ significantly in efficacy or toxicity in humans (10, 12, 20) . However, a recent study found that tobramycin was significantly less nephrotoxic than gentamicin (C. R. Smith The efficacy of a new congener, netilmicin, has been compared with that of other aminoglycosides in prospective randomized trials. Love and colleagues, studying febrile granulocytopenic patients with cancer, found no difference among gentamicin, amikacin, or netilmicin when combined with ticarcillin (12). Eden et al. reported netilmicin and gentamicin to be of similar efficacy in patients who were critically ill with a variety of infections (6), and Loveless and coworkers had similar results in the treatment of pyelonephritis (13) . Netilmicin and amikacin were equally effective in the therapy of complicated urinary tract infections (15) , as were netilmicin and tobramycin (8) .
The present study was designed primarily to compare the toxicity, rather than efficacy, of netilmicin and amikacin. Indeed, efficacy could not be reliably determined in the majority of patients, largely on account of the concomitant &dministration of other potentially effective antibiotics and because of insufficient bacteriological documentation. However, among the 63 patients with proven bacterial infection, there were three instances of failure to control the infection, two episodes of suprainfection, and one instance in which the infecting strain of P. aeruginosa became resistant during therapy. Overall, no difference in efficacy between the two drugs was apparent in this study.
There was only one instance of nephrotoxicity which could be attributed to the aminoglycoside in this investigation. Previous reports, using criteria identical to ours, found rates of nephrotoxicity ranging from 2 to 8% with these same drugs (12, 20) . We have no explanation for the comparatively low rate of renal damage (1/69 = 1.4%) encountered in the present study. Others have found no difference between netilmicin and amikacin (12, 15) , or between netilmicin and gentamicin (6, 13) , in their nephrotoxic potential.
The rates of auditory toxicity, as measured by at least a 15-dB decrease in audiometric response, were 28.5% for amikacin and 15.8% for netilmicin. Although the difference was almost twofold, it was not statistically significant. This may simply reflect the relatively small numbers of patients who could be adequately evaluated for this adverse effect. If the same rates of auditory toxicity (28.5 and 15.8%) continued to be observed, 180 patients would have to be studied audiometrically to achieve statistical significance at the P < 0.05 level, an increase of more than fivefold over our present sample size. Love et al., who required at least a 20-dB decrease over the base line, and Maigaard and co-workers, who accepted a 5-dB deficit as evidence of audiometric damage, found no difference between netilmicin and other aminoglycosides (12, 15 304, 1979) . Thus, further study will be necessary to determine whether or not netilmicin is in fact less cochleotoxic than other aminoglycosides.
We found no significant difference in vestibular toxicity between netilmicin and amikacin; however, as with auditory toxicity, a trend was suggested which merits continued investigation. Although ice-water caloric testing is not as effective as bithermal testing (12) or electronystagmography, we have encountered no other reports in which objective methods were used to compare vestibular toxicity of currently used aminoglycosdes.
In attempting to discover factors which might predispose to the development of eighth-nerve damage, we performed several retrospective analyses, recognizing the hazards inherent in this approach (17) . Combining the rates of vestibular and auditory toxicity still did not disclose a significant difference between amikacin (23%) and netilmicin (9%). Several factors, including the age of the patient, duration of treatment, and abnormal initial audiogram, failed to show a significant association with the development of auditory impairment. Concomitant administration of carbenicillin or ticarcillin was suggestively, but not significantly, associated with auditory toxicity. An unexpected finding was that 10/10 patients with nerve damage (auditory or vestibular) were male as opposed to 33/54 nontoxic patients (P < 0.05). Neither factor has, to our knowledge, been reported previously to contribute to eighth-nerve damage due to aminoglycosides (3, 7, 9, 11, 18 The data in the present study do not permit us to come to a firm conclusion regarding the comparative efficacy of netilmicin and amikacin. They do suggest, however, that the two drugs are of low but similar nephrotoxic potential. Netilmicin showed a trend toward lesser cochlear as well as vestibular toxicity; however, the differences between agents were not statistically significant.
